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(57) ABSTRACT

A solar trough system of the invention comprises at least one
trough-shaped reflector surface (1) directing beams coming
from the sun to the focal axis (F); at least one thermal receiver
(2) disposed at the focal axis (F) and extending along the
reflector (1). Furthermore, the system comprises at least one
firstarm (I.1) and a second arm (L.2), one end of each of which
are connected to two fixed points (P1, P2) with swivel joint; at
least one third arm (1.3) which is connected to the other ends
of these two arms (L, L2) from two points (P3, P4) with
swivel joint wherein the thermal receiver (2) is connected
with swivel joint to a linear movement point (E1) on the third
arm (L3) which moves with rotation of the first and second
arms (L1, L2).

8 Claims, 4 Drawing Sheets
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1
SUPPORT MECHANISM FOR THERMAL
RECEIVERS IN THE SOLAR TROUGH
SYSTEMS

TECHNICAL FIELD

This invention relates to energy producing solar trough
systems by concentrating sunlight beams on a focus.

PRIOR ART

It is known in the state of art that solar trough systems are
used for the purpose of obtaining electricity and heat from the
solar energy. These systems comprise trough-shaped long
parabolic reflectors; thermal receiver elements, which are
placed on the focus of the reflectors and where the beams
coming from the reflector are collected; and a rotating mecha-
nism which directs the reflectors to the position in which the
sun is present. The beams, coming to the reflectors which are
directed to the sun, are reflected and collected on the thermal
receiver element, which is disposed on the focus of the reflec-
tor. Thermal receiver element is provided with two nested
tubes where a vacuum environment is disposed in the space
therebetween. A fluid, which ensures heat transfer, passes
through the inner tube. The outer tube is made of glass. By
concentrating the beams coming from the reflectors on the
thermal receiver tube, the tube reaches very high tempera-
tures; therefore, the fluid disposed in the inner tube can be
heated. Thanks to the fluid reaching high temperatures, heat
energy is obtained.

As known, thanks to support structures, thermal receivers
in the solar trough systems are connected to the parabolic
reflectors or to the ground they are present. In orderto take the
advantage of solar trough systems efficiently, it is also known
that these systems are made in the length for meters. In this
case, observable changes are occurred in the length of heated
thermal receivers in accordance with the temperature change.
Therefore, for example, in case of using bar-shaped supports
standing fixed along the trough (bar-shaped supports which
hold thermal receivers and used in fixed state given in the
published patent application no U.S. Pat. No. 4,559,926 can
be shown as an example), when the length of the thermal
receiver is changed, receiver axis is slid, bending in the
receivers (since the receiver is connected to these supports) is
observed. In other words, the thermal receiver can be dis-
tanced from the focus of the reflectors and even confront with
the risk of break. Thus leads normally to decrease in the
efficiency of the solar trough system or failure in the solar
trough system.

For solving said problem, again in the state of art, a support
structure (details are explained as follows) which holds the
receiver on the focus of the parabolic reflector in the case that
thermal receiver is fully heated (which is the longest state)
and which is composed of the arms at fixed length is
enhanced. However, in times that there is a little sunlight, the
length of the thermal receiver is shortened and the thermal
receiver again comes into the state in which it is distanced
from the focal axis of the parabolic reflector. In this case, in
times of there is a little sunlight, it leads to decrease in the
efficiency (besides loss occurs due to lack of light).

BRIEF DESCRIPTION OF THE INVENTION

A solar trough system of the invention comprises at least
one trough-shaped reflector surface directing beams coming
from the sun to the focal axis; at least one thermal receiver
disposed at the focal axis of the surface and extending along
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the reflector. Furthermore, the system comprises a support
mechanism which comprises at least one first arm and at least
one second arm, one end of each of which is connected to two
fixed points with swivel joint; at least one third arm which is
connected to the other ends of these two arms from two points
with swivel joint. The thermal receiver is connected to a linear
movement point on the third arm, which moves with the
rotation of the first and second arms, with swivel joint. This
state ensures the receiver to get longer and shorter easily
along its axis due to expansions as well as to form a reliable
support structure for the receiver held by a plurality of mecha-
nism.

OBIJECTIVES OF THE INVENTION

The aim of the invention is to ensure that thermal receiver
is on the focus of the trough shaped reflector (in other words,
receiver axis and focal axis of the reflector are coincident) in
any condition (independent from the sunlight level) in the
solar trough systems.

The other aim of the invention is to ensure that the solar
trough systems operate with the highest level of efficiency in
the all kinds of sunlight level.

Another aim of the invention is to reach aforementioned
aims by means of a mechanism.

Another aim of the invention is to reach aforementioned
features by means of using a linear movement point of the
mechanism.

Yet another aim of the invention is to define a reliable solar
trough system whose production and practice are easy and
cost effective.

DESCRIPTION OF DRAWINGS

Examples of the solar trough systems of the state of art and
of'the invention are shown in the annexed drawings wherein:

FIG. 1 is a perspective view of a part of a solar trough
system of the state of art.

FIG. 2 is a side view of the system shown in FIG. 1.

FIG. 3 is a side view of a position of a thermal receiver and
support bars in a solar trough system of the state of art.

FIG. 4 is a side view of another position of a thermal
receiver and support bars in a solar trough system of the state
of art.

FIG. 5 is a side view of different positions of support
mechanism of the invention.

FIG. 6 is a side view of support mechanism of the invention
and thermal receiver, which is connected to it.

FIG. 7-9 are different examples belonging to the support
mechanisms of the invention.

The parts in the figures are individually enumerated and the
corresponding terms of reference numbers are as follows:
Reflector surface (1)

Thermal receiver (2)
Support bar (3)
Connection element (4)
Focal axis (F)

Thermal receiver axis (T)
Support mechanism (M)
Route (R)

Route points (R1, R2)
First arm (L1)

Second arm (L.2)

Third arm (L3)

Fixed points (P1, P2)
Movable points (P3, P4)
Linear movement point (E1)
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3
DESCRIPTION OF THE INVENTION

FIGS. 1 and 2 show different views of a solar trough system
of'the state of art. In this system, at least one reflector surface
(1), which directs the beams coming from the sun to the focal
axis (F), is provided. The surface (1) has a structure in the
shape of trough (preferably in the parabolic geometry), and at
least one thermal receiver (2) is disposed at the focal axis (F)
(coaxial with the focal axis (F) and extends along the reflector
(1)). (As an example to the most common usage, the thermal
receiver (2) comprises two nested tubes where a vacuum
environment is disposed in the space therebetween. A fluid is
passed through the tube, which is in the inner portion, the
thermal conductivity of which is high and which is called as
transfer tube, for heat transfer. Outer transparent (preferably
of glass) tube ensures that beams coming from the reflector
reach directly to the transfer tube. The temperature of the
transfer tube and of the fluid inside it increases by this way.
Vacuum space is defined between the transfer tube and trans-
parent tube for preventing heat loss from transfer tube to the
outside of it by convection.)

Thanks to construction of the solar trough system at north-
south direction and directing the reflector surface (1) to the
sun all day long (by turning at east-west direction), beams
coming from the sun hit to the reflector surface (1) and are
concentrated on the thermal receiver (2) and heat energy is
obtained therefrom. (In an exemplary embodiment, it is
ensured that fluid passing through the receiver (2) reaches to
very high temperatures and the heat energy is converted into
the other kinds of energy (motion, electric, etc.) by taking
advantage of the fluid in high temperature.) Moreover, in this
solar trough system, the reflector surface (1) canrotate around
a fixed thermal receiver (2) (in other words around the focal
axis (F)) as well as the surface (1) and the receiver (2) can
move together.

As shown in FIGS. 1-4, in the solar trough system, a plu-
rality of support bars (3) which try to hold the thermal receiv-
ers (2) at a certain focal axis are provided. The receiver (2) is
on the one end of these bars (3) and the other end of each bar
(3) is connected to a fixed point (this point can be on the
movable trough [if the surface (1) and the receiver (2) rotates
together| or on the fixed ground [if the surface (1) rotates
around the receiver (2)]). FIG. 3 shows the state in which the
axis (T) of the thermal receiver (2) is coincided with the focal
axis (F) of the reflector (1). In this case, the length of the
thermal receiver (2) (because of the high temperature on it) is
the longest. In other words, in the state of art, the coincided
state of two axes (F, T) is reached in the condition that the
receiver (2) is in the hottest state. This is obtained at the
highest sunlight level. However when the sunlight level
decreases, as shown in FIG. 4, the length of the receiver is
shortened in a certain amount (shown as “x”), two axes (F, T)
come into a state that they are distanced from each other, a
certain amount of deformation (shown as “h”) is occurred in
the receiver (2). In this position, the bars (3) are seen to come
in different angles. Herein, in order to prevent the state shown
in FIG. 4, the mechanism of'the invention, details of which are
explained below, are developed.

The intended use of the mechanism of the invention is to
hold supported thermal receiver (2) axis (T) coaxial with the
reflector focal axis (F) along the solar trough (during getting
longer and shorter of the thermal receiver (2) due to expan-
sion). FIG. 5 shows views of different positions of the support
mechanism (M) of the invention. This support mechanism
(M) comprises first and second arms (L1, 1.2), one end of each
of'which is connected to two fixed points (P1, P2) with swivel
joint; a third arm (L.3) which is connected to the other ends of
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these two arms (L, L.2) from two points (P3, P4) with swivel
joint. This mechanism (M) is “four-bar” mechanism formed
by three movable arms (I.1, 1.2, [.3) and a fixed arm (fixed
portion between P1 and P2).

A point (E1) on the third arm (L.3), which moves by the
rotation of the first and the second arms (L1, [.2) in the
support mechanism (M), can linearly move between two cer-
tain points on the route it drew. An example according to this
is shown in FIG. 7. In this example, it is arranged such that the
length of the first arm (1) is 2% units; the length of the
second arm (L.2) is 1 unit; the length of the third arm (L.3)
(between E1-P4) is 5 units; the distance between “P3” and
“E1” points is 2V units; the distance between “P1” and “P2”
points is 2 units. During the movement of this mechanism
(M), “E1” point linearly moves between two points (R1-R2)
on the full tour movement route (R). In this case, considering
that expansion amount of the thermal receiver (2) is within the
distance between these two points (R1, R2) and the thermal
receiver (2) is connected to the “E1” point, the arms (L1, 1.2,
L3) oscillating during a thermal receiver (2) are getting longer
and shorter, but the receiver axis (T) is not changed and the
axis (T) is not left from the focal axis (F). This state ensures
the receiver (2) to get longer and shorter easily along its axis
(T) as well as forms a reliable support structure for the
receiver (2) held by a plurality of mechanism (M). (Views of
this mechanism in different positions with fixed connection
element rigidly to the receiver (2) are shown in FIG. 5 and
with the receiver (2) and the connection element (4) also
shown in FIG. 6. Herein “E1” point is connected to the
receiver (2) directly or indirectly (via the connection element
(4)) with swivel joint.)

This invention can be realized with a mechanism (M) hav-
ing aforesaid length rates as well as by using the linear move-
ment points (these points can be described as “E1”) on the
third arm (L.3) of the different four-bar mechanisms. In other
words, the invention is realized by a thermal receiver (2)
connected on the linear movement point (E1) on the third arm
(L3) of a four-bar mechanism with swivel joint.

Four bar mechanism in FIG. 8 can be given as another
example to the mechanism (M) of the invention. In this
example, it is arranged such that the length of the first arm
(L1)1s 5 units; the length of the second arm (I.2) is 5 units; the
length of the third arm (LL3) is 2 units; “E1” point is midpoint
of the third arm (I.3); the distance between “P1” and “P2”
points is 4 units. During the movement of this mechanism
(M), “E1” point linearly moves between two points (R1-R2)
on the full tour movement route (R). In this case, considering
that expansion amount of the thermal receiver (2) is within the
distance between these two points (R1, R2) and the thermal
receiver (2) is connected to the “E1” point, the arms (L1, 1.2,
L3) oscillate during a thermal receiver (2) are getting longer
and shorter, but the receiver axis (T) is not changed and the
axis is not left from the focal axis (F).

FIG. 9 shows another example of the support mechanism
(M) of the invention. The mechanism in the example is a
mechanism formed by attachments done on the aforesaid
four-bar mechanism (L1, 1.2, L3, P1-P2). In this mechanism,
two four-bar mechanisms, which commonly use the second
arm (I.2) and have two (at the same length) first arms ([.1) (at
the same length) which are connected to the fixed “P1” point
with swivel joint, are provided. In addition, swivel jointed
junction point of ends of two additional third arms (L.3) (atthe
same length), which are connected to two movable “P3”
points with swivel joint, forms linear movement point (E1). In
this mechanism (M) the oscillation of the arms (L1, L2, L3)
and the route (R) of “E1” point are linear; therefore, the
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invention is realized by connection of the thermal receiver (2)
to the point (E1) with swivel joint.

The invention claimed is:

1. A solar trough system comprising: at least one trough-
shaped reflector surface directing beams coming from the sun
to the focal axis; at least one thermal receiver disposed at the
focal axis and extending along the reflector surface; and

a support mechanism comprising at least one first arm and

at least one second arm, one end of each of which is
connected to two fixed points with a fixed swivel joint; at
least one third arm which is connected to an other end of
the respective first and second arms at a first movable
point and a second movable point with moveable swivel
joints;

the thermal receiver being connected to a linear movement

point, which moves with rotation of the first and second
arms, on the third arm with a thermal receiver swivel
joint;

wherein the first arm and second arm are rotatable and each

of'the first arm and the second arm has a fixed length; and
wherein the fixed length of the first arm is 2% units; the
fixed length of the second arm is 1 unit; a length of the
third arm is 5 units; a distance between the first movable
point and the linear movement point is 2% units; and a
distance between the two fixed points is 2 units.

2. A solar trough system according to claim 1 wherein the
support mechanism comprises two four-bar mechanism using
the second arm commonly, the two four-bar mechanism com-
prising two first arms connected to a first fixed point of the two
fixed points with the fixed swivel joint, and two third arms;
and

wherein the thermal receiver is connected to the swivel

jointed linear movement point of two additional third
arms which are connected to two first movable points
with the moveable swivel joints.

3. A solar trough system comprising:

at least one trough-shaped reflector surface directing

beams coming from the sun to the focal axis; at least one
thermal receiver disposed at the focal axis and extending
along the reflector surface; and

a support mechanism comprising at least one first arm and

at least one second arm, one end of each of which is
connected to two fixed points with a fixed swivel joint; at
least one third arm which is connected to an other end of
the respective first and second arms at a first movable
point and a second movable point with moveable swivel
joints;

the thermal receiver being connected to a linear movement

point, which moves with rotation of the first and second
arms, on the third arm with a thermal receiver swivel
joint; and

wherein the fixed length of the first arm is 5 units; the fixed

length of the second arm is 5 units; a length of the third
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arm is 2 units; the linear movement point is a midpoint of
the third arm; and the distance between the two fixed
points is 4 units.

4. A solar trough system according to claim 3 wherein the
support mechanism comprises two four-bar mechanism using
the second arm commonly, the two four-bar mechanism com-
prising two first arms connected to a first fixed point of the two
fixed points with the fixed swivel joint, and two third arms;
and

wherein the thermal receiver is connected to the swivel
jointed linear movement point of two additional third
arms which are connected to two first movable points
with the moveable swivel joints.

5. A solar trough system comprising:

at least one trough-shaped reflector surface directing
beams coming from the sun to the focal axis; at least one
thermal receiver disposed at the focal axis and extending
along the reflector surface; and

a support mechanism comprising at least one first arm and
at least one second arm, one end of each of which is
connected to two fixed points with a fixed swivel joint; at
least one third arm which is connected to an other end of
the respective first and second arms at a first movable
point and a second movable point with moveable swivel
joints;

the thermal receiver being connected to a linear movement
point, which moves with rotation of the first and second
arms, on the third arm with a thermal receiver swivel
joint; and

wherein the support mechanism comprises two four-bar
mechanism using the second arm commonly, the two
four-bar mechanism comprising two first arms con-
nected to a first fixed point of the two fixed points with
the fixed swivel joint, and two third arms; and

wherein the thermal receiver is connected to the swivel
jointed linear movement point of two additional third
arms which are connected to two first movable points
with the moveable swivel joints.

6. A solar trough system according to claim 5 wherein the
first arm and the second arm are rotatable and each of'the first
arm and the second arm has a fixed length.

7. A solar trough system according to claim 6 wherein: the
fixed length of the first arm is 2V units; the fixed length of the
second arm is 1 unit;

a length of the third arm is 5 units; a distance between the
first movable point and the linear movement point is 2%
units; and a distance between the two fixed points is 2
units.

8. A solar trough system according to claim 6 wherein the
fixed length of the first arm is 5 units; the fixed length of the
second arm is 5 units; a length of the third arm is 2 units; the
linear movement point is a midpoint of the third arm; and the
distance between the two fixed points is 4 units.

#* #* #* #* #*



